Retinoids have been shown to be effective in suppressing tumor development when chemical carcinogens such as N-nitroso-N-methylurea (NMU) and Nnitroso-N-ethylurea (NEU) were used to induce mammary tumors in a variety of animal models. However, the molecular mechanisms associated with the retinoidmediated chemopreventive process, as linked to transcription factor NF-κB activation, for chemoprevention have not been elucidated. The purpose of this study was to determine the implications of NF-κB activation on the chemopreventive role of retinoids and their effect on cellular NF-κB activity that's induced by known alkylating chemical carcinogens such as NM U and NEU in human transfectant squamous cell carcinoma (SCC-13) cells.
INTRODUCTION
Transcription factor NF-κB is expressed in all types of human cells and it influences the regulation of genes, including many of those involved in the inflammatory and immune response (1, 2) . NF-κB is found in the cytoplasm as an inactive form that is complexed with IκB. Stimulation of cells with a variety of environmental agents results in the rapid transit of cytoplasmic NF-κB to the nucleus. Several studies have demonstrated that the transcription factor NF-κB is involved in the development or progression of various human cancers, as well as in the regulation of apoptosis in both normal and cancer cells (3, 4) .
Retinoids are the natural and synthetic derivatives of vitamin A, and they have been shown to be important factors in the control of cell growth and differentiation, apoptosis and carcinogenesis (5～7). These effects are believed to result from interactions of the retinoids with the nuclear retinoid receptors such as the retinoic acid receptors (RARs) and the retinoid X receptors (RXRs) (8, 9) . The binding of retinoids to their receptors is followed by the activation or inhibition of transcription of the retinoid-responsive genes. Retinoids have been shown to be effective in suppressing tumor development when chemical carcinogens such as N-nitroso-N-methylurea (NMU) and N-nitroso-N-ethylurea (NEU) are used to induce mammary tumors in a variety of animal models, and the retinoids are being studied for their potential to prevent cancer (10～12). However, the molecular mechanisms by which the retinoids mediate the chemopreventive process that's linked to transcription factor NF-κB activation have not been elucidated.
The activation of NF-κB in skin cells is considered to be a valuable target for therapeutic intervention; this is because skin is a primary target for a variety of environmental chemical carcinogens. Therefore, the ability of all-trans retinoic acid (tretinoin) and 13-cis retinoic acid (isotretinoin) to regulate the NF-κB activation that's induced by well known chemical carcinogens such as NMU and NEU in cultured human epidermal keratinocytes, squamous cell carcinoma (SCC) was examined (13) . This present study suggests the possible chemopreventive mechanism of retinoids, which involves the down-regulatory effects on NF-κB activation in human epidermal keratinocytes.
MATERIALS AND METHODS
A Great EscAPe Fluorescence detection kit was obtained from Clontech Laboratories, Palo Alto, CA. The cell culture media and geneticin (antibiotic G-418) were purchased from Gibco BRL., Grand Island, NY. All-trans retinoic acid (vitamin A acid; tretinoin; t-RA), 13-cis retinoic acid (isotretinoin; c-RA), N-nitroso-N-methylurea (NMU) and N-nitroso-N-ethylurea (NEU) were obtained from Sigma Chemical Co., St. Louis, MO. The other chemicals and solvents were purchased from Aldrich Chemical Co., Milwaukee, WI. The human epidermal squamous cell carcinoma cell line SCC-13 (13), which was subcultured by this laboratory, was used for the experiments. The construction of the pNF-κB-SEAP-NPT plasmid ( Fig. 1 ) has been previously described in detail (14) . All the retinoids, NMU and NEU, were diluted with culture media to derive a stock solution and then they were directly added to the culture media.
1) Cell culture
Transfectant human SCC-13 cells were cultured with 500μg/ ml of geneticin (100 mg/ml) for selecting and maintaining the stable transformants. The cell cultures were maintained at subconfluence in a 95% air and 5% CO2 humidified atmosphere at 37 o C. The medium used for routine subcultivation was Dulbecco's Modified Eagle's Medium (Gibco, Grand Island, NY) that was supplemented with 10% fetal bovine serum (FBS), penicillin (100 units/ml) and streptomycin (100μg/ml), and it was changed every 48～72 h as necessary. The cells were counted with a hemocytometer and the number of viable ells was determined by a trypan blue dye exclusion assay.
2) Cell transfection
Transfection was essentially carried out as described previously for the preparation of the transfectant HaCaT cells (14) . SCC-13 cells were plated at a density of 1.5×10 5 cells per well on six-well Costar plates (35 mm, Cambridge, MA) in 2 ml of media and then they incubated overnight. The cells were rinsed twice with serum-free media and next exposed with complexes containing pNF-κB-SEAP-NPT (6μg/100μl) and lipofectamine (25μg/100μl, Life Technologies) in 1 ml of serum-free media for 2 h. After the cells were transferred to complete medium and allowed to proliferate without selective pressure for another 48 h incubation, the transfected cells were maintained with geneticin for selection of the stably transfected cells.
3) Reporter (SEAP) gene assay
The reporter enzyme (SEAP) was measured essentially as described previously with using a fluorescence detection assay method (14) . The single cell-derived stable transfectant SCC-13 cells were plated on 5 ml of a T-25 flask. Upon reaching 30% confluency, the media was decanted. The cultures were washed twice with phosphate-buffered saline (PBS), and incubation was initiated with the addition of new media. The transfectant SCC-13 cells were treated with N-nitroso-N-methylurea and Nnitroso-N-ethylurea at concentrations of 5μM each in the culture medium. All the retinoids at concentrations of 1 and 5 mM were added to the culture media at 48 h of incubation. No treatment controls were included for each experiment. Aliquots (25μl) of medium for both the control and chemicaltreated cultures were removed at 0, 24, 48 and 72 h, and these heated at 65 o C for 5 min to eliminate the endogenous alkaline phosphatase activity; they were then used immediately or they were stored at -20 o C. Mixtures that contained dilution buffer (25μl), assay buffer (97μl), culture media (25μl), and 4-methylumbellifery phosphate (MUP, 1 mM, 3μl) in the 96 well plate were incubated for 60 min in the dark at room temperature. The fluorescence from the product of the SEAP/MUP was measured using a 96 well plate fluorometer (Molecular Devices, F max) by excitation at 360 nm and measurement of the light emission at 449 nm.
4) Cytotoxicity of the alkylating agents and retinoic acids
The cytotoxicity of the alkylating agents and retinoic acids was evaluated by the MTT assay (15) . In brief, the transfectant SCC-13 (3×10 4 ) cells were plated on 96 wells of the ELISA plate, incubated for 48 h and then washed twice with 100μl of PBS. They were incubated with NMU (5μM) and NEU (5 μM) for 48 h and then directly exposed to the retinoic acids (5 mM). After 24 h of incubation, extension of incubation for another 3 h at 37 o C was carried out with 200μl of MTT in PBS. Then, the solution was removed and formazan that was dissolved in 200μl dimethyl sulfoxide was added. The absorbance of the solution was measured at 540 nm using an ELISA plate reader. A control was provided without alkylating agents and retinoic acids in the medium.
5) Statistical analysis
The data is summarized as means±SDs. To statistically analyze the data, one-way analysis of variance (ANOVA) for repeated measurements of the same variable was performed. Duncan's multiple range t-test was then used to determine which means were significantly different from the mean of the control. A significant difference in the NF-κB activities between the carcinogen treated samples and retinoid treated samples was indicated by p＜0.01. This value is defined as 100 for each experiment. Cell survival was determined by measuring the MDH activities of the transfectant SCC-13 cells when they were exposed to the concentrations of the alkylating agents and retinoids tested. No significant difference in cell viability was found between the chemical-treated and nontreated cells.
RESULTS
For the quantitative measurement of the NF-κB activation induced by alkylating chemical carcinogens and retinoids, the human squamous cell carcinoma (SCC-13) cells that were transfected with the pNF-κB-SEAP-NPT plasmid (Fig. 1) were used. The transfectant SCC-13 cells released secretory alkaline phosphatase (SEAP) as a reporter gene and this contained the neomycin phosphotransferase (NPT) gene as a selection marker. Reporter enzyme (SEAP) activity can be simply measuredusing a fluorescence detection assay method by repeatedly sampling the cell culture (14) . Therefore, this cell-based stable assay system is not needed to prepare the cell lysates for monitoring the NF-κB activity. The SCC-13 cells are a malignant epidermal keratinocyte line that's derived from a human squamous cell carcinoma; these cells can be cultured on a fairly routine basis and serve as a suitable model for aberrant terminal differentiation (13, 16) . Therefore, this cell line was selected to examine the influence of retinoids on NF-κB activation in keratinocytes. In this cell-based assay system for the quantitative measurement of the level of NF-κB activity, all-trans retinoic acid and 13-cis retinoic acid inhibited the cellular NF-κB activation up to 64% and 65%, respectively, compared to that of the control; the degree of inhibition increased in a dose-dependent manner (with using 1 and 5 mM of retinoids) (Fig. 2) . Remarkably, the all-trans retinoic acid and 13-cis retinoic acid also showed significant downregulation of the cellular NF-κB activities that were upregulated by NMU (5μM) and NEU (5μM) in a dose-responsive manner (with using 1 and 5 mM of retinoids), respectively (Fig. 3, 4) . The downregulation was up to 83～85% compared to the NMUinduced and NEU-induced cellular NF-κB activities in the cultured transfectant human keratinocytes (Fig. 3, 4) . These results demonstrated that the degree of downregulation produced by the retinoic acids and with NMU and NEU treatment was higher than those produced in the absence of NMU and NEU. These results suggested that the NF-κB activity might have a role in the chemopreventive effect of the retinoic acids.
The cytotoxicity of the chemical carcinogens and retinoids was evaluated by performing the MTT assay (15) ; the results showed that the chemical concentrations used for the in vitro studies do not affect cell viability (Table 1) .
DISCUSSION
Retinoids have been shown to affect transcriptional regulation by inhibiting a number of transcription factors such as AP-1 and STAT-3 (17) . The inhibition of AP-1 activity by retinoids in primary keratinocytes has been shown to provide a chemopreventive effect from the retinoids on ultraviolet B radiation-associated skin damage (18) . In addition, retinoids, as regulators of gene transcription, have been shown to inhibit the phorbol ester (PMA)-induced MMP-1 and MMP-3 expression in human breast cancer cells (19) . Moreover, they have been shown to suppress the PMA-mediated induction of cyclooxygenase-2 in human oral epithelial cells (20) and the iNOS gene expression in 1929 cells as well (21) . Retinoids have been studied in several biological systems as potential chemopreventive agents and for the treatment of a variety of human cancers (22～24). It has also been reported that retinoids inhibit cell proliferation, modulate cell differentiation and enhance apoptosis. Mammary tumor formation in rodents, which was induced by chemical carcinogens, can be prevented by treatment with retinoids and their effects are mediated by retinoic acid receptors (25) .
The chemopreventive role of retinoids is well established; however, the mechanisms underlying the chemopreventive effects remain unclear. Therefore, the primary intent of this study was to determine the possible involvement of cellular NF-κB activity in retinoid-modulated chemoprevention in an in vitro human skin cancer model. To test the hypothesis that the transcription factor NF-κB is involved in the chemopreventive role of retinoids, the effect of retinoid treatment on the NF-κB activation induced by NMU and NEU in squamous cell carcinoma cell line 13 (SCC-13) keratinocytes was investigated; the results were measured and compared with the samples treated under the same conditions, but in the absence of NMU and NEU.
It has been previously reported that the alkylating carcinogens NMU and NEU significantly upregulate cellular NF-κB activity. It has been suggested that the carcinogenicity resulting from alkylating chemicals might be associated with the modulation of cellular NF-κB activity in human skin cells (16) . These findings led to examine whether a well known chemopreventive agent, such as the retinoids, could be used as a regulator of NF-κB activation when the cellular NF-κB activity is enhanced by chemical carcinogens. Thus, the ability of retinoids to regulate the cellular NF-κB activation, following treatment with the alkylating chemical carcinogens NMU and NEU, was evaluated to determine whether retinoids modulate the activation of NF-κB in cultured human keratinocytes. The results of this study demonstrated that treatment with retinoids resulted in significant downregulation of NMU induced and NEU induced cellular NF-κB activity; this suggests a possible role for NF-κB activity in the chemopreventive effects of retinoids as well as it being a possible mechanism for retinoid activity. Further studies are needed to elucidate the mechanistic details of the cellular NF-κB inactivation pathway that's associated with retinoids, and this might provide new insight on the prevention of cancer.
CONCLUSIONS
Retinoids have a chemopreventive effect on human keratinocytes by downregulating the cellular NF-κB activation. Therefore, retinoids may affect or regulate cancer prevention by modulation of NF-κB activation in human skin cells.
